Reevaluating the role of 1,10-phenanthroline in oxidative reactions involving ferrous ions and DNA damage.
It is widely believed that the iron chelator 1,10-phenanthroline (phen) is able to fully block the Fenton reaction by forming a complex (Fe(phen)3(2+), also known as ferroin) that cannot react with H2O2. We observed that phen cannot fully prevent 2-deoxyribose (5 mM) degradation induced by Fenton reagents (30 microM Fe(II) plus 100-500 microM H2O2); protection varied from 55% to 66% when the phen/Fe(II) ratio was 3:1 to 20:1. Inhibition of 2-deoxyribose damage was nearly unchanged if phen was pre-incubated with Fe(II). Moreover, preformed Fe(phen)3(2+) complex added to the solution containing H2O2 was able to induce 2-deoxyribose degradation and methane sulfinic acid formation from the oxidation of 5% DMSO. The partially protective effect of phen was unchanged with the use of either phosphate or HEPES as buffers (5 mM, pH 7.2), or in unbuffered media (pH 5.1). Both DMSO oxidation and 2-deoxyribose degradation correlated with the increase in Fe(phen)3(2+) concentration. Strand breaks in plasmid pTARGETtrade mark DNA induced by Fenton reagents (1 microM Fe(II) plus 25 microM H2O2) in HEPES buffer could only be partially prevented by phen, even when the chelator was 16 times more concentrated than Fe(II). In these experiments, Fe(phen)3(2+) and DNA were pre-incubated from 1 to 10 min before addition of H2O2. Moreover, a high level of DNA strand breakage was observed when iron and phen are added to the reaction immediately before H2O2. On the other hand, phen fully prevented 2-deoxyribose degradation induced by the autoxidation of 30 microM Fe(II) in phosphate-buffered (3 to 30 mM) media. Our data provide evidence that the Fe(phen)3(2+) complex induces in vitro oxidative damage in the presence of H2O2 (possibly by means of Fe(phen)3(2+) dissociation into Fe(phen)2(2+)), but they show that the complex cannot undergo autoxidation.